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
$EVWUDFW
7KHPDLQSXUSRVHRIWKLVSDSHULVWRSUHVHQWWKHUHVXOWVRIDFRPSUHKHQVLYHUHVHDUFKVWXG\WKDWWRRNSODFHLQ*UHHFHLQ
RUGHU WR LQYHVWLJDWH WKHSURFHVVDQG WKHFULWHULD IRU IUHLJKWPRGDOFKRLFHEHKDYLRU ,W LQYROYHGD ODUJH VFDOH VXUYH\
DPRQJYDULRXV³DFWRUV´LQWKHIUHLJKWWUDQVSRUWVFHQHLQ*UHHFHDQGDIXOOVFDOHDQDO\VLVRIWKHUHVXOWVDQGRXWFRPHV
7KH REMHFWLYH ZDV WR UHYHDO WKH PHFKDQLVPV DQG WKH IDFWRUV WKDW LQIOXHQFH IUHLJKW WUDQVSRUW PRGH FKRLFH DQG WR
SURGXFHPDWKHPDWLFDOPRGHOV UHODWLQJ WKHXVHUV¶SHUFHSWLRQRI WKH V\VWHPZLWK WKHYDULRXVFULWHULDDQGSDUDPHWHUV
WKDWWKHVWDWLVWLFDODQDO\VLVRIWKHVXUYH\UHVXOWVUHYHDOHGDVUHOHYDQW
7KHSUHVHQWSDSHUSUHVHQWVWKHPRGHOLQJSDUWRIWKHDERYHUHVHDUFKZRUN)LUVWO\DQDQDO\VLVRIUHODWLRQVKLSVEHWZHHQ
WKHYDULRXVDWWULEXWHVZLWKWKHPRUH³FRQYHQWLRQDO´OLQHDUUHJUHVVLRQDQDO\VLVLVGHVFULEHG7KLVDQDO\VLVLVSUHVHQWHG
LQDVXPPDU\IRUPVWDUWLQJZLWKWKHWHVWVRIOLQHDULW\SHUIRUPHGRQWKHYDULRXVSDUDPHWHUVDQGWKHQSURFHHGVZLWK
WKHSUHVHQWDWLRQRIWKHDFWXDOOLQHDUPRGHOVGHYHORSHG
,QWKHVHFRQGSDUWRIWKHSDSHUDPRUHFRPSUHKHQVLYHGLVDJJUHJDWHORJLWDQDO\VLVLVSUHVHQWHG7KHSXUSRVHRIWKLV
DQDO\VLV LV WR UHSOLFDWH PRUH FORVHO\ WKH REVHUYHG ³LQGLYLGXDO XVHU´ EHKDYLRU E\ XVH RI DSSURSULDWH H[SOLFDWRU\
YDULDEOHVIURPGDWDFROOHFWHGLQWKHVXUYH\7KHUHVXOWLQJGLVDJJUHJDWHPRGHOVDUHWHVWHGIRUUHSUHVHQWDWLYHQHVVDQG
DFFXUDF\ DQG WKH ILQDO RXWFRPHV DUH SUHVHQWHG ,Q DOO WKH DERYH DQDO\VHV WKH YDULDEOHV XVHG DUH UDWLQJV DQG QRW
DEVROXWHQXPEHUV
7KHVWXG\LVTXLWHXQLTXHIRU*UHHFHDQGSUHVHQWVRYHUDOOUHVXOWVDQGILQGLQJVWKDWFDQEHXWLOL]HGLQPDQ\ZD\VIURP
VWLPXODWLQJIXUWKHUUHVHDUFKWRVXSSRUWLQJWKHDGRSWLRQRIHIIHFWLYHSROLF\

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
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,QWURGXFWLRQ
6FRSHDQG2EMHFWLYHVRIWKH3DSHU
0RGHFKRLFHEHKDYLRXUDQGLWVLQIOXHQFLQJIDFWRUVKDYHEHHQWKHVXEMHFWRILQWHQVHUHVHDUFKZRUNVLQFH
WKHHDUO\VEXWSULPDULO\IRUSDVVHQJHUWUDQVSRUWLHUHJDUGLQJWKHFKRLFHVSHUVRQVPDNHLQWKHLUGD\WR
GD\WULSPDNLQJ)UHLJKWPRGDOFKRLFHKDVEHLQJUHVHDUFKHGUHODWLYHO\UHFHQWO\>%HQ$NLYDHWDO
+HQVKHUDQG%XWWRQ7KH&HQWHUIRUXUEDQWUDQVSRUWDWLRQUHVHDUFKDWWKH8QLYHUVLW\RI6RXWK)ORULGD
63,13URMHFW/2*,43URMHFW@HVSHFLDOO\VLQFHIUHLJKWPRGDOVSOLWEHFDPHDQ
LPSRUWDQWWUDQVSRUWSROLF\HOHPHQWLQWKHODWHHLJKWLHVDQGHDUO\V>&RPPLVVLRQRIWKH(XURSHDQ
&RPPXQLWLHV@LQRUGHUWRHIIHFWDPRUH³EDODQFHG´VSOLWRIIUHLJKWIORZVLQIDYRXURI
HQYLURQPHQWDOO\IULHQGO\PRGHV
%HWZHHQDQGDFRPSUHKHQVLYHUHVHDUFKZRUNWRRNSODFHLQ*UHHFHLQRUGHUWRLQYHVWLJDWH
WKHSURFHVVHVDQGWKHFKRLFHFULWHULDXVHGE\WKHUHOHYDQWVWDNHKROGHUVLQWKHLUIUHLJKWPRGDOFKRLFH
EHKDYLRXU>0RVFKRYRXDQG*LDQQRSRXORV@7KHZRUNLQYROYHGDODUJHVFDOHVXUYH\DPRQJYDULRXV
VWDNHKROGHUVLQWKHIUHLJKWWUDQVSRUWVFHQHLQ*UHHFHIROORZHGE\DQDQDO\VLVRIWKHVHUHVXOWV7KLV
DQDO\VLVFRQVLVWHGEDVLFDOO\RIWZRSDUWVDWKHILUVWLQFOXGHGWKHIXOOVWDWLVWLFDODQDO\VLVDQGSUHVHQWDWLRQ
RIWKHUHVXOWVLQDZD\WKDWUHYHDOVWKHSULRULWLHVSUHIHUHQFHVDQGGHWDLOHGUDQNLQJVRIPRGHFKRLFH
FULWHULDE\WKHXVHUVDQGEWKHVHFRQGFRQWDLQHGDPRGHOOLQJH[HUFLVHDLPHGDWSURGXFLQJPDWKHPDWLFDO
PRGHOVUHODWLQJWKHXVHUV¶SHUFHSWLRQRIWKHV\VWHPZLWKWKHYDULRXVFULWHULDDQGSDUDPHWHUVWKDWWKH
SUHYLRXVVWDWLVWLFDODQDO\VLVUHYHDOHGDVUHOHYDQW
7KHPDMRULW\RIWKHH[LVWLQJZRUNDQGVWXGLHVRQIUHLJKWPRGHFKRLFHFULWHULDIRFXVHVRQVXUYH\V
SHUIRUPHGXVXDOO\LQRUGHUWRUDQNDOOSRVVLEOHFULWHULDDFFRUGLQJWRWKHLUOHYHORILPSRUWDQFHDQG
LQIOXHQFHRQGHFLVLRQPDNLQJSURFHVV
$YHU\V\VWHPDWLFDQGPHWKRGRORJLFDODQDO\VLVRQIUHLJKWPRGHURXWHFKRLFHLVWKDWRI&XOOLQDQHDQG
7R\LQZKLFKPRUHWKDQDUWLFOHVDQGSDSHUVRQPRGHURXWHFKRLFHZHUHDQDO\VHGDQG
DSSUR[LPDWHO\DWWULEXWHVFULWHULDZHUHLGHQWLILHGDVEHLQJWKHPRVWIUHTXHQWO\XVHGLQWKHPRGHFKRLFH
SURFHVV
7KHZRUNRI0F*LQQLVHWDOUHVXOWHGLQUDQNLQJDOOFULWHULDWKDWZHUHLPSRUWDQWIRUIUHLJKWPRGH
FKRLFHSURFHVVDFFRUGLQJWRWKHLUOHYHORIVLJQLILFDQFHDQGLQIOXHQFHRQGHFLVLRQPDNLQJ&RVWWUDQVLW
WLPHUHOLDELOLW\VSHHGDQGORDGORVVGDPDJHUHVXOWHGDVEHLQJWKHPRVWLQIOXHQWLDODWWULEXWHV
$QXPEHURIRWKHUVXUYH\VFRQGXFWHGVWDWHGRUUHYHDOHGSUHIHUHQFHZLWKPDLQREMHFWLYHWKH
LGHQWLILFDWLRQRIWKHFULWHULDVXJJHVWHGDVKDYLQJDQLPSDFWRQIUHLJKWPRGHFKRLFHGHFLVLRQPDNLQJ>-HIIV
DQG+LOOV6KLQJKDODQG)RZNHV&RRNHWDO(XURSHDQ&RPPLVVLRQ0DWHDUDQG
*UD\-RYLFLF@,QPRVWRIWKHVHWKHUHVSRQGHQWVZHUHDVNHGWRUDQNDQXPEHURIDWWULEXWHV
FULWHULDDFFRUGLQJWRWKHLULPSRUWDQFHRQGHFLVLRQPDNLQJ7KHDVVRFLDWHGUHVXOWVZHUHXVHGWRH[WUDFW
FRQFOXVLRQVDQGDOVRWRPRGHOWKHEHKDYLRXURQIUHLJKWPRGHFKRLFHSURFHVV
$PRQJWKHPRVW³WUDGLWLRQDO´PRGHOOLQJUHVHDUFKVWXGLHVWKDWKDYHDSSOLHGEDVLFDOO\UHJUHVVLRQ
PRGHOOLQJDUH&KLDQJHWDO0F)DGGHQHWDO7KHPRVWFRPPRQSDUDPHWHUWDNHQLQWRDFFRXQW
LVWKHWRWDOORJLVWLFVFRVWZKLFKLQFOXGHVWUDQVSRUWFRVWDQGVWRUDJHRUGHUDQGKDQGOLQJFRVWDVZHOODV
VHYHUDORWKHUFRVWV
2WKHUVWXGLHV>-LDQJHWDO:LOVRQHWDO1DUDVLPKDDQG$VKWDNDOD:LQVWRQ@JLYH
PRUHHPSKDVLVRQGHYHORSLQJORJLWRUSURELWPRGHOVWRGHWHUPLQHWKHUHODWLRQVKLSEHWZHHQPRGHFKRLFH
DQGWKHFULWHULDLQIOXHQFLQJWKLVFKRLFH,QWKLVZD\WKHPRGHOVIRUPXODWHGUHSUHVHQWWKHEHKDYLRXURIWKH
DFWRUVUHVSRQVLEOHIRUWKHGHFLVLRQVPDGHRQIUHLJKWPRGHFKRLFH
7KLVSDSHUSUHVHQWVWKHPRGHOOLQJSDUWRIWKHZRUNZKLFKLQYROYHGWKHXVHRIPDWKHPDWLFDOPRGHOVWR
ILWWKHREVHUYHGEHKDYLRXUDQGGDWD7KHZRUNFRQWDLQV
x $³FRQYHQWLRQDO´OLQHDUUHJUHVVLRQDQDO\VLVSHUIRUPHGLQRUGHUWRIRUPOLQHDUPRGHOV7KLVSDUW
FRQWDLQVWHVWVRIOLQHDULW\SHUIRUPHGRQWKHYDULRXVSDUDPHWHUVLQRUGHUWRGHWHUPLQHWKRVHWKDWZRXOG
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EHVWILWWKHREVHUYHGGDWDDQGWKHQSUHVHQWVWKHPRGHOVGHYHORSHGIROORZHGE\DGLVFXVVLRQRQKRZ
IDUWKH\UHSUHVHQWWKHREVHUYHGVLWXDWLRQDQGZKDWZHFDQGUDZIURPWKHP
x $GLVDJJUHJDWHORJLWW\SHRIPRGHOLQJDQDO\VLVSHUIRUPHGLQRUGHUWRUHSOLFDWHPRUHFORVHO\WKH
REVHUYHG³LQGLYLGXDOXVHU´IUHLJKWPRGDOFKRLFHEHKDYLRUDVZHOODVWRLQFOXGHPRUHH[SOLFDWRU\
YDULDEOHVLQWKHPRGHOV+LJKUHSUHVHQWDWLYHQHVVDQGDFFXUDF\RIWKHGDWDLVGLVFXVVHGDQGWHVWHG
7KHRYHUDOOFRQFOXVLRQVRIWKHZRUNDUHSUHVHQWHGIRUERWKWKHPRGHOLQJH[HUFLVHDQGWKHRYHUDOO
UHVXOWVIURPPHDVXULQJIUHLJKWPRGHFKRLFHEHKDYLRU
6XPPDU\RIWKHGDWDFROOHFWLRQVXUYH\UHVXOWVDQGDQDO\VLV
7KHPDLQGDWDFROOHFWLRQVXUYH\FRQVLVWHGRIDFRPSUHKHQVLYHTXHVWLRQQDLUHVXUYH\FRPSOHWHGE\
DSSUR[LPDWHO\FRPSDQLHV³RZQHUV´RIWKHIUHLJKWORJLVWLFVVHUYLFHSURYLGHUVDQG
WUDQVSRUWRSHUDWRUV7KHTXHVWLRQQDLUHFRQVLVWHGRITXHVWLRQVWKDWFDQEHFDWHJRUL]HGLQW\SHVDVFDQEH
UHDGLQ7DEOH
x *HQHUDOLQIRUPDWLRQ
x &KRLFHRIWUDQVSRUWPRGHTXHVWLRQV
x 5DQNLQJRIWUDQVSRUWPRGHVDQGPRGHFKRLFHFULWHULDPRGHVSRLQWVFDOH
7DEOH&DWHJRULHVDQGW\SHVRITXHVWLRQVDVNHGLQWKHVXUYH\
&DWHJRU\RITXHVWLRQ 4XHVWLRQV
$ *HQHUDOLQIRUPDWLRQ
 7\SHRIWKHILUPVIRUZDUGHUVKLSSHU
ORJLVWLFFRPSDQ\3/HWF

 7\SHRIWUDQVSRUWPRGHVXVHGRU
RZQPHDQV

 $UHDRIDFWLYLW\GRPHVWLF
LQWHUQDWLRQDOLPSRUWVH[SRUWV

 7\SHRIDFWLYLW\VWRUDJHJURXSLQJ
HWF

% &KRLFHRIWUDQVSRUW
PRGHTXHVWLRQV
7UDQVSRUWPRGHXVHG
WKHIROORZLQJLQIRUPDWLRQLVJLYHQ
L GLVWDQFHOHVVWKDQNPWRNP
WRPRUHWKDQNP
LL W\SHRIVKLSPHQW
LLL W\SHRIORDGLQJXQLWV
LY WUDYHOWLPH
Y FRVWRIWUDQVSRUW
& 5DQNLQJRI
WUDQVSRUWPRGHVDQG
PRGHFKRLFHFULWHULD
PRGHVSRLQW
VFDOH
 5DWHWUDQVSRUWPRGHXVHGDFFRUGLQJ
WR
JHQHUDO OHYHO RI VHUYLFH DVSHUFHLYHGE\
WKHUHVSRQGHQWIURPKLVKHUH[SHULHQFHIURP
WKHWUDQVSRUWV\VWHPRI*UHHFH
 5DWHFULWHULDDFFRUGLQJWR L JHQHUDOOHYHO LPSRUWDQFHRIWKHFULWHULD
LL JHQHUDOOHYHO RI VDWLVIDFWLRQUHFHLYHGIURP
WKHIUHLJKWWUDQVSRUWV\VWHPLQ*UHHFH
WRGD\
 5DWHWKHVDPHSHUWUDQVSRUWPRGH
XVHGWUXFNWUDLQVKLSDLUSODQH
DFFRUGLQJWR
L OHYHORILPSRUWDQFH
LL OHYHORIVDWLVIDFWLRQRIIHUHGE\WKHFXUUHQW
WUDQVSRUWV\VWHPLQ*UHHFH

7KHPDLQEXONRIWKHGDWDIURPWKHVXUYH\FDPHIURPVHFWLRQ&RI7DEOHDERYHLQUHODWLRQWRWKH
DQVZHUVLQVHFWLRQ%7KHDQVZHUVFRQVLVWHGRIUDWLQJVJLYHQE\WKHUHVSRQGHQWVWRDQXPEHURIFULWHULD
RIPRGHFKRLFHD³UDWLQJ´ZDVDQXPEHUEHWZHHQDQGJLYHQE\WKHUHVSRQGHQWWRH[SUHVVKLVKHU
ZHLJKWJLYHQWRWKHVSHFLILFLQIOXHQFLQJIDFWRURUFULWHULRQWKDWKHVKHZDVSUHVHQWHGZLWKDVDQVZHUV$OO
DQVZHUVZHUHJLYHQXQGHUWZRYLHZSRLQWVRUDVVXPSWLRQV
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x )URPWKHSRLQWRIYLHZRIWKH³LPSRUWDQFH´WKDWKHVKHDWWDFKHVWRWKHVSHFLILFFULWHULRQDQG
x )URPWKHSRLQWRIYLHZRIWKH³VDWLVIDFWLRQUHFHLYHG´IURPXVLQJWKHH[LVWLQJWUDQVSRUWV\VWHPLQ
*UHHFH
$VLWZDVWREHH[SHFWHGWKHUDWLQJVLQWKHWZRDERYHFDWHJRULHVZHUHTXLWHGLIIHUHQWLDWHG
7KHDQDO\VLVRIWKHVXUYH\UHVXOWVLQFOXGHGDQXPEHURIVWDWLVWLFDOVLJQLILFDQFHWHVWVLQRUGHUWRGHULYH
WKHPRVWLQIOXHQWLDOFULWHULDRIPRGDOFKRLFHLQWHUPVRIWKHVXUYH\UHVSRQGHQWV¶UDWLQJV7KH
VLJQLILFDQFHWHVWVSHUIRUPHGZHUHPDLQO\RIWKHIROORZLQJW\SHV
x ,QGHSHQGHQWVDPSOHWWHVWDQGWKH³/HYHQH¶VWHVWIRUHTXDOLW\RIYDULDQFH´6WDWLVWLFDOVLJQLILFDQFHRI
WKHGLIIHUHQFHVEHWZHHQWKHDYHUDJHVRIWKHUDWLQJVJLYHQWRWKHGLIIHUHQWPRGHV
x $129$DQDO\VLVDSRVWHULRUL3RVW+RF7DPKDQHDQDO\VLV7HVWLQJWKH++\SRWKHVLVWRFKHFNLI
WKHUHZHUHVLJQLILFDQWGLIIHUHQFHVE\WKHGLIIHUHQWUDWHVJLYHQWRWKHGLIIHUHQWFULWHULDZLWKLQWKHVDPH
PRGH,QRWKHUZRUGVWKHVHWHVWVZHUHDLPHGDWPHDVXULQJWKH³ZHLJKW´RIHDFKUDWLQJJLYHQWRRQH
FULWHULRQZLWKUHVSHFWWRDQRWKHU
x $VVHVVLQJWKHVLJQLILFDQFHRIUDWLQJVJLYHQWRHDFKPRGHE\W\SHRIUHVSRQGHQWILUPEDVHGRQWKH
JHQHUDOOHYHORIVHUYLFHRIIHUHGE\WKHFRUUHVSRQGLQJPRGHDIXUWKHUGLVWLQFWLRQPDGHZDVWR
WUDQVSRUWVZLWKLQ*UHHFHDQGWUDQVSRUWVWRDQGIURP*UHHFHIURPDEURDG
x $VVHVVLQJWKHVLJQLILFDQFHRIWKHDYHUDJHVRIWKHUDWLQJVJLYHQWRWKHYDULRXVPRGHVRIWUDQVSRUW
DFFRUGLQJWRWKHLUSHUFHLYHG³LPSRUWDQFH´DQGILQDOO\
x $VVHVVLQJWKHVLJQLILFDQFHRIWKHDYHUDJHVRIWKHUDWLQJVJLYHQWRWKHYDULRXVPRGHVRIWUDQVSRUW
DFFRUGLQJWRWKHSHUFHLYHG³VDWLVIDFWLRQ´E\WKHUHVSRQGHQWVIURPWKHWUDQVSRUWV\VWHPLQ*UHHFH
)RUDIXOOSUHVHQWDWLRQRIWKHVXUYH\UHVXOWVVHH>0RVFKRYRXDQG*LDQQRSRXORV@
7KH/LQHDU0RGHO)RUPXODWLRQ
&KHFNLQJWKH/LQHDULW\RI5HODWLRQVEHWZHHQWKH9DULDEOHV
$QXPEHURIFKHFNVRIOLQHDULW\ZHUHPDGHLQRUGHUWRGHWHUPLQHZKLFKRIWKHUDWLQJVJLYHQSUHVHQWHG
DVLJQLILFDQWOLQHDUUHODWLRQDQGWKXVZHUHVXLWDEOHIRULQFOXVLRQLQWKHOLQHDUUHJUHVVLRQHTXDWLRQV7KH
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R,QWKHFDVHRIWKHRZQHUILUPVDYDLODELOLW\RIORDGLQJXQORDGLQJHTXLSPHQWUHOLDELOLW\RIWKHVHUYLFH
LQWHUPVRIWUDYHOWLPHVVLPSOLFLW\RISURFHGXUHVHWF
R,QWKHFDVHRIWKHIRUZDUGLQJRUORJLVWLFILUPV6L]HRIORDGVKLSPHQWYDOXHDYDLODELOLW\RI
ORDGLQJXQORDGLQJHTXLSPHQW

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
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RIDELQDU\ORJLWPRGHOVHHHTXDWLRQVDQGDERYHJDYHDQXPEHURILPSRUWDQWUHVXOWVWRRDV
x ,WZDVSRVVLEOHWRJLYHPRGHOVKDYLQJDV³GHSHQGHQW´YDULDEOHWKHSUREDELOLW\RIFKRRVLQJWUXFNRYHU
UDLO7KLVE\LWVHOIFDQEHDXVHIXOWRROIRUUHVHDUFKHUVDQGSROLF\PDNHUVLQWKHIXWXUH
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IDFWRUVYDULDEOHV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